Green fluorescent protein (GFP) is one of the most useful biological markers for monitoring gene expression and the localization of particular cells. We constructed a GFPexpressing Aggregatibacter actinomycetemcomitans transformant by transposon insertion.
Introduction
Aggregatibacter actinomycetemcomitans is a fastidious, facultatively anaerobic, non-motile, non-spore-forming, small, oral, gram-negative bacterium thought to be one of the major causative agents of localized aggressive periodontitis(1-3).
Green fluorescent protein(GFP)is widely used for monitoring the expression of particular genes and localizing living cells. GFP emits bright visible fluorescence when expressed in a recombinant manner, and no substrate is required (4, 5) . The gfp gene has been expressed in many bacteria (6, 7) . Therefore, construction of a GFP-expressing strain of A. actinomycetemcomitans would enable the analysis of the dynamics of this species in experimental animals.
A promoter recognized by host cells must be located upstream of gfp to ensure adequate transcription. In A.
actinomycetemcomitans

SUNY465, promoters from
Escherichia coli function poorly compared with the natural sequences (5) . The nucleotide sequence of the leukotoxin gene(ltx)of A. actinomycetemcomitans is available, and the promoter thereof constitutively and efficiently transcribes the gene (8, 9) . Therefore, efficient recombinant gene expression would be expected were gfp to be fused downstream from the ltx promoter from A. actinomycetemcomitans. (10) .
In this study, we used a transposon to introduce the gfp gene into the A. actinomycetemcomitans chromosome under the control of the A. actinomycetemcomitans ltx promoter.
This transformation will facilitate more extensive analyses of the biology of A. actinomycetemcomitans.
Materials and Methods
Bacterial strains
Aggregatibacter actinomycetemcomitans strain HK1651
(ATCC 700685)was grown in Todd-Hewitt broth(THB; BD Difco, Franklin Lakes, NJ) supplemented with 1% yeast extract (BD Difco) and 5% fetal bovine serum (Biofill Australia Pty Ltd, Victoria, Australia)at 37℃and 5% CO 2 .
Recombinant A. actinomycetemcomitans-GFP was grown in the same medium containing 100 μg/ml streptomycin and 50 μg/ml spectinomycin. Escherichia coli DH5 α was grown aerobically in LB broth supplemented with ampicillin(100 μg/ml)when appropriate, at 37℃.
Plasmids
The plasmid pResKm was kindly provided by Dr. Teruaki Shiroza(Nihon University) (11) . The plasmid pAcGFP1-C1, a source of gfp from Aequorea coerulescens, was purchased from Takara Bio Clontech (Shiga, Japan). The transposon plasmid, pUTmini-Tn5 Sm/Sp, was purchased from Biomedal, S.L.(Seville, Spain).
Primers
The following oligonucleotides were designed as primer In primer set A, the underlined sequences denote the mismatches introduced to create the restriction enzyme recognition sequences for BamHI (GGATCC) and NcoI (CCATGG). 
DNA manipulation
Flow cytometry
The expression of GFP in A. actinomycetemcomitans was analyzed by flow cytometry(FACS Calibur, BD Bioscience, San Jose, CA).
Results
Construction of the shuttle vector containing the ltx promoter and gfp fusion
Construction of a shuttle vector containing the ltx promoter and gfp fusion(pUTmini-Tn5-ltx p, gfp)and capable of replicating in E. coli and A. actinomycetemcomitans is outlined in Figure 1 . A commercially available plasmid, pAcGFP1-C1, was employed as the source of the gene encoding GFP. Because the 3ʼ-end of the gene encoding GFP contained a multiple cloning site(MCS), which was unnecessary for the present study, pAcGFP1-C1 was first digested with both BglII and BamHI and recircularized to simply eliminate the MCS and give pAcGFp1-C1 ∂MCS (Fig. 1A) .
To scissor the 0.8-kb portion of the gfp fragment from pAcGFp1-C1 ∂MCS, the vector was doubly digested with both NheI and BclI, and then the fragments were separated by agarose gel electrophoreses. The 0.8-kb band was cut out from the agarose gel, and the gfp fragment was purified.
This fragment was ligated with a XbaI and BclI digest of the small plasmid pResKm. As the restriction products of both NheI and XbaI possess the same 5ʼ-CTAG-3ʼ extension, the portion of the gfp fragment was cloned into the plasmid to give pResKm-gfp (Fig. 1B) .
Next, an approximately 0. 5-kb 5ʼ portion of the DNA region encompassing the ltx promoter and the ribosomal binding site(aggaga: SD sequence)(9)was amplified by PCR using the A. actinomycetemcomitans chromosome and primer set A (Fig. 1C) . Each primer included a recognition sequence(either GGATCC or CCATGG; see Materials and Methods)corresponding to the BamHI and NcoI restriction sites, respectively. Furthermore, as the restriction products of both BamHI and BglII possessed the same 5ʼ-GATC-3ʼ extension, the PCR product was digested with both BamHI and NcoI and inserted into BglII/NcoI-digested pResKm-gfp in the correct reading frame to give pResKm-ltx p, gfp (Fig.   1D ).
The commercially available E. coli-A. actinomycetemcomitans shuttle plasmid, pUTmini-Tn5, retains the unique NotI site (Fig. 1E) . The constructed ltx p, gfp gene fragment (1.3 kb) was isolated from pResKm-ltx p, gfp (Fig. 1D) by digestion with the 8-base cutting enzyme NotI, purified by gel electrophoresis, and cloned into the unique NotI site of pUTmini-Tn5 to generate pUTmini-Tn5-ltx p, gfp (Fig. 1F) .
This plasmid was electrotransformed into E. coli DH5 α.
Transformants were screened on agar plates supple- actinomycetemcomitans transformants resistant to these two antibiotics were isolated using this approach. PCR experiments utilizing the purified chromosome isolated from the integrants with gfp-specific primers clearly indicated that the target region was integrated into the host chromosome (Fig. 3A) . Furthermore, quantitative real-time RT-PCR analysis utilizing total RNA isolated from the integrants using gfp-specific primers clearly showed that expression of GFP mRNA in the final integrants was upregulated, whereas no expression of GFP mRNA was In addition, A. actinomycetemcomitans transformants were also confirmed by ampicillin susceptibility, because authentic transposition results in elimination of the ampicillin-resistance gene in the pUTmini-Tn5 delivery system. All isolated transformants were susceptible to ampicillin(data not shown).
Characterization of A. actinomycetemcomitans-GFP
Flow cytometric analysis revealed a slight increase in the intensity of green fluorescence in recombinant A.
actinomycetemcomitans-GFP compared with wild-type A.
actinomycetemcomitans (Fig. 3C) .
Discussion
In this study, we constructed a recombinant A. actinomy- (12) . In the present study, we isolated A. actinomycetemcomitans transformants by adjusting the mildly acidic pH in the buffer system and prolonging the expression period relative to the generally accepted conditions for transforming E. coli cells (14) .
In our experiments, GFP expression by recombinant A.
actinomycetemcomitans-GFP was slightly increased compared with wild-type A. actinomycetemcomitans. It has been
shown that GFP requires molecular oxygen to catalyze the cyclization of amino acid residues to form the active fluorophore structure (15) . Furthermore, another study demonstrated that the low oxygen conditions characteristic of tumors lead to reduced GFP levels (16) . Taken together, these data indicate that it is highly likely that in anaerobic bacteria such as A. actinomycetemcomitans-GFP, the intensity of GFP fluorescence is affected by the availability of molecular oxygen in the culture medium.
In summary, we integrated the gfp gene into the A.
actinomycetemcomitans chromosome using a transposon insertion system. Our results demonstrate that this system is useful for the recombination of A. actinomycetemcomitans. However, the final transformant, A.
actinomycetemcomitans-GFP, exhibited relatively low florescence intensity, suggesting that the expression of GFP in A.
actinomycetemcomitans may be restricted by the availability of oxygen.
